Aims. We present spatially resolved high-resolution spectrophotometric data for the planetary nebulae PB 8, NGC 2867, and PB 6. We have analyzed two knots in NGC 2867 and PB 6 and one in PB 8. The three nebulae are ionized by [WC] type nuclei: early [WO] for PB 6 and NGC 2867 and [WC 5-6] in the case of PB 8. Our aim is to study the behavior of the abundance discrepancy problem (ADF) in this type of planetary nebula. Methods. We measured a large number of optical recombination (ORL) and collisionally excited lines (CEL), from different ionization stages (many more than in any previous work), thus, we were able to derive physical conditions from many different diagnostic procedures. We determined ionic abundances from the available collisionally excited and recombination lines. Based on both sets of ionic abundances, we derived total chemical abundances in the nebulae using suitable ionization correction factors. Results. From CELs, we have found abundances typical of Galactic disk planetary nebulae. Moderate ADF(O ++ ) were found for PB 8 (2.57) and NGC 2867 (1.63). For NGC 2867, abundances from ORLs are higher but still consistent with Galactic disk planetary nebulae. On the contrary, PB 8 presents a very high O/H ratio from ORLs. A high C/O was obtained from ORLs for NGC 2867; this ratio is similar to C/O obtained from CELs and with the chemical composition of the wind of the central star, indicating that there was no further C-enrichment in the star, relative to O, after the nebular material ejection. On the contrary, we found C/O < 1 in PB 8. Interestingly, we obtain (C/O) ORLs /(C/O) CELs < 1 in PB 8 and NGC 2867; this added to the similarity between the heliocentric velocities measured in [O iii] and O ii lines for our three objects argue against the presence of H-deficient metal-rich knots coming from a late thermal pulse event.
Introduction
Great efforts have been devoted in recent years to analyzing the discrepancies between the heavy element abundances derived from collisionally excited lines (CELs) and those derived from optical recombination lines (ORLs) in diffuse nebulae. Such discrepancies are commonly quantified using the so-called abundance discrepancy factor (ADF), which is defined as:
Typical values for the ADF are 1.4−2.8 in HII regions (see García-Rojas & Esteban 2007 , and references therein), and 1.6−3 in planetary nebulae (PNe), but much larger values have been reported for some PNe, e.g., ADFs of 10 for NGC 6153 and 70 for Hf 2-2 (see Liu et al. 2006 , and references therein) The exact causes for these discrepancies are still unknown. One possibility is that such discrepancy could be due to thermal inhomogeneities inside the nebula; such inhomogeneities are characterized by the parameter t 2 as introduced by Peimbert (1967) . Thermal inhomogeneities could be produced by extra heating mechanisms, besides the ionizing stellar photons, inside a chemically homogeneous nebula (see Peimbert & Peimbert 2006 , and references therein). Alternatively they could be due to chemical inhomogeneities inside the nebula; these have been Based on data obtained at Las Campanas Observatory, Carnegie Institution. Table 3 is only available in electronic form at http://www.aanda.org modeled as very enriched knots inside the nebula, where the electron temperature is much lower than in the diffuse ionized gas; in such cold knots the ORLs would be much enhanced while the CELs would be emitted in the diffuse hot gas (see Liu 2006, and references therein) .
Among the few hundreds of PNe with studied stellar continuum, only 15% of them are ionized by stars presenting WolfRayet features. These stars show in their spectra prominent wide emission lines of C, O, and He due to an intense wind characterized by a high mass-loss rate. All these stars belong to the C-sequence of Wolf-Rayet stars (hereafter [WC] stars), mostly of the spectral types and , with very few objects in the intermediate classes (Tylenda et al. 1993; Crowther et al. 1998; Acker & Neiner 2003) .
The stellar atmospheres are almost pure helium and carbon (e.g. Hamann 1997) . Several scenarios to produce such H-deficient low-mass stars have been proposed (e. g. Blöcker 2001; Herwig 2001) . In addition, Górny & Tylenda (2000) , De Marco (2002) , and Medina et al. (2006) have provided arguments for the existence of the evolutionary sequence proposed by Acker et al. (1996) and Hamann (1997) (Hamann et al. 2005; Todt et al. 2008) .
It has been shown that the mechanical energy of the stellar wind deposited on the nebular shell around a [WC] star (WRPN) produces a higher expansion velocity and higher turbulence in the shell than in non-WRPNe (Medina et al. 2006;  Article published by EDP Sciences Acker & Neiner (2003) . b Temperature from Todt et al. (in preparation) . c Nebular diameter and total Hβ flux from Acker et al. (1992) . Gesicki et al. 2003) . So far no other effects of the stellar wind have been found. In particular, the chemical abundances of WRPNe seem to follow the same patterns as non-WRPNe, with no particular enrichment (Gorny & Stasińska 1995; Peña et al. 2001 ). However this is still unclear.
One may expect that a detailed spectroscopic study of the nebulae might reveal chemical inhomogeneities due to the presence of material processed by the central stars, as in the case of the knots in A 30, A 78, and A 56. Such knots are H-deficient and consist mainly of He, C, O, and other heavy elements (Jacoby & Ford 1983; Medina & Peña 2000; Wesson et al. 2008 ). Those inhomogeneities would be the enriched knots proposed by Liu et al. as causing the large ADFs in PNe. Ercolano et al. (2004) presented a complete study of the WRPNe NGC 1501, based on deep optical spectroscopy and detailed 3D photoionization modelling. They found a large ADF for this nebula and argued that the presence of a hydrogendeficient metal-rich component is necessary to explain it. They also proposed that material ejected from the surface of the AGB precursor in a late thermal pulse event could be the possible origin of such knots.
The aim of the present study is to analyze deep high spectral resolution data of some WRPNe searching for evidence of chemical inhomogeneities through the determination of ADFs. Searching for abundance variations across the face of a nebula requires: good-quality spatially resolved spectra and a reliable procedure to correct for the unseen ions. For this purpose we have searched for WRPNe with available ORLs in a large sample of objects observed by M.P. at Las Campanas Observatory with the 6.4-m telescope Clay and the high-resolution spectrograph MIKE.
The original sample contains several WRPNe of all excitation classes, with central stars from early [WO] to late [WC] types. For this work, we have selected NGC 2867 and PB 8 because both nebulae present O ii and C ii ORLs strong enough to be analyzed; and additionally, PB 6, which present C ii ORLs, but not O ii ORLs. General characteristics of these objects are listed in Table 1 . PB 6 and NGC 2867 were already studied with a similar purpose by Peña et al. (1998) using medium-resolution spectra. No abundance variations were found in their work.
In the following we present the results of our high-resolution data analysis. In Sect. 2 we describe the observations and data reduction. In Sect. 3 the observed and dereddened nebular line ratios are presented for the three objects in the different positions.
In Sect. 4 we analyze the data, deriving the physical conditions for all the available diagnostic ratios; and in Sect. 5 we present the ionic abundances of visible ions from the CELs and ORLs and the total abundances of several elements. Finally, in Sect. 6 we discuss our results, and in Sect. 7 we present the summary and our conclusions. 
Observations and data reduction
High spectral resolution data were obtained at Las Campanas Observatory (Carnegie Institution) with the 6.5-m telescope Clay and the double echelle spectrograph Magellan Inamori Kyocera Echelle (MIKE) on May 9 and 10, 2006. This spectrograph operates with two arms which allow us to obtain a blue and a red spectrum simultaneously. We used the standard grating settings which provide a wavelength coverage from 3350 to 5050 Å in the blue and from 4950 to 9400 Å in the red. A complete description of MIKE performance can be found in Bernstein et al. (2003) . We discarded spectral data from 9000−9400 Å due to abnormal flat-field structures that cannot be corrected.
The log of observations is presented in Table 2 . In each case, the slit was centered in the position of the central star with PA of 345, 30 and 8 degrees for PB 8, NGC 2867 and PB 6, respectively. The slit dimensions were 1 wide (along the dispersion axis) and 5 in the spatial direction. A binning of 2 × 2 was used. Thus the plate scale was 0.2608 arcsec/pix. Series of bias, as well as "milky" flats and flats with the internal incandescent lamp were acquired for calibration. For wavelength calibrations a Th-Ar lamp was observed immediately after each observation. The spectral resolution varied in the blue from 0.14 to 0.17 Å (∼10.8 km s −1 on average) and in the red from 0.23 to 0.27 Å (∼12.8 km s −1 in average) as measured from the full width at half maximum (FWHM) of lines of the Th-Ar comparison lamp.
In Fig. 1 we present a portion of the echellogram around the Hβ nebular line showing the spatially and spectroscopically resolved emission for PB 8, NGC 2867, and PB 6, as well as the extracted spectra. The limits of the extracted sections are indicated by black lines. We limited these sections to be 0.9 wide in the spatial direction for two reasons: a) to avoid contamination of the intense stellar continua, and b) to fit the width of the flat-field exposures.
All the objects were observed at zenith distances smaller than or about 30
• (as recommended by MIKE User Manual), covering an airmass range from 1.075 to 1.172, thus the atmospheric refraction was not expected to affect the spectra.
Observations of the standard HD 49798 were used for flux calibration. The standards HR 5501 and HR 4468 were also observed, but were discarded because their broad absorption Balmer lines make the continuum flux calibration very unreliable.
We performed standard reduction procedures on our data: 2D-echellograms were bias-subtracted and flat-fielded using IRAF 1 reduction packages. Spectra were extracted with extraction windows of 0.9 (see above) and were flux calibrated. All the observed lines, not affected by the atmosphere, were measured. 
Line intensities and reddening correction
Line intensities were measured applying a single or a multiple Gaussian profile fit. In the case of some lines which present velocity structure, we integrated all the flux in the line between two given limits, over a local continuum estimated by eye. All these measurements were made with the splot routine of the iraf package. In some cases of very tight blends or blends with very bright telluric lines the analysis was performed via Gaussian fitting (or Voigt profiles in the case of sky emission lines) making use of the Starlink dipso software (Howarth & Murray 1990 ). For each single or multiple Gaussian fit, dipso gives the fit parameters (radial velocity centroid, Gaussian sigma, FWHM, etc.) and their associated statistical errors.
All lines of a given spectrum were normalized to a particular bright emission line present in the common range of both the blue and red spectrum. In the cases of NGC 2867 and PB 8, we have used the He i λ5015 line. For PB 6, the reference line was [O iii] λ5007. In order to produce a homogeneous set of line flux ratios, all of them were rescaled to the Hβ flux. Some lines which were saturated in the long exposures were measured in the short ones and rescaled to the Hβ flux. Table 3 presents the emission line intensities measured in the three PNe. The first column presents the adopted laboratory wavelength, λ 0 . The second and third columns present the ion and the multiplet number or series for each line. Columns 4, 7, 10, 13 , and 16 present the heliocentric velocities of the different components measured. Dereddened intensity line ratios relative to Hβ, I(λ) , are presented in Cols. 5, 8, 11, 14, and 17. Finally , the observational errors (1σ) associated with the line fluxes with respect to Hβ -in percentage -are also presented in Cols. 6, 9, 12, 15, and 18 . These errors include the uncertainties in the flux measurement, flux calibration (estimated to be about 5%) and the error propagation in the reddening coefficient.
A total of 211, 203, and 93 emission lines were measured in PB 8, NGC 2867, and PB 6, respectively. Most of the lines are permitted lines (see Table 3 ) of H i, He i, and He ii, but also we have detected a considerable amount of heavy element permitted lines, such as O ii, O iii, N ii, N iii, C ii, C iii, C iv, and Ne ii lines, whose analysis will be discussed in Sect. 5.3 . In several cases some identified lines were severely blended with telluric lines, making their measurement impossible. Other lines were strongly affected by atmospheric features in absorption or by internal reflections by charge transfer in the CCD, rendering their intensities unreliable.
The identification and adopted laboratory wavelengths of the lines were obtained following several previous identifications in the literature (see García-Rojas et al. 2004; Esteban et al. 2004; Zhang et al. 2005 , and references therein).
We have assumed the standard dust extinction law for the Milky Way (R v = 3.1) parametrized by Seaton (1979) for our three objects. The reddening coefficients were derived by fitting the observed I(H Balmer lines)/I(Hβ) ratios -those not contaminated by telluric or other nebular emissions, or by absorption bands -and I(H Paschen lines)/I(Hβ), to the theoretical ones computed by Storey & Hummer (1995) for T e and n e previously estimated for the objects. In Table 4 we show the values obtained for the extinction coefficients c(Hβ) and the H i lines used for our three PNe and their kinematic components. There is an overall good agreement between our derived c(Hβ) values and those 
6800:
c 3900 ± 1000 1650 ± 1000 1750 ± 950 n e (average) 2550 ± 550 4150 ± 500 2850 ± 400 1900 ± 450 2200 ± 400
8900 ± 500 a 11 750 ± 400 11 750 ± 400 12 350 ± 950 12 800 ± 550
6900 ± 150 11 850 ± 300 11 600 ± 250 15 750 ± 600 15 300 ± 500 from previous determinations in these objects. Peña et al. (1998) found a c(Hβ) between 0.34 and 0.53 in three different aperture extractions in PB 6, and values between 0.35 and 0.37 for three aperture extractions for NGC 2867. For PB 8, our c(Hβ) is consistent with that derived by Tylenda et al. (1992) , c(Hβ) = 0.38, however, Girard et al. (2007) found a relatively higher value of 0.68; this discrepancy could be due to difficulties found by these authors in separating the nebular from the stellar emission.
Physical conditions

Temperatures and densities
The large number of emission lines identified and measured in the spectra allows us to derive physical conditions using different emission line ratios. The temperatures and densities are presented in Table 5 . Most of the determinations were carried out with the iraf task temden of the package nebular (Shaw & Dufour 1995) . We have updated the atomic data of our version of nebular (2.12.2) to state-of-the-art transition probabilities and collisional strengths (see Table 6 ).
In the case of electron densities, ratios of CELs of several ions have been used. From inspection of in this object because this ion is representative of the very outer part of the nebulae, and probably does not coexist with most of the other ions.
The adopted density was used to derive T e (N ii), T e (O ii), T e (S ii), T e (O iii), and T e (Ar iii), and we iterated until convergence. Electron temperatures were derived from the ratio of CELs of several ions and making use of nebular routines.
To obtain T e (O ii) it is necessary to subtract the contribution to [O ii] λλ7320+7330 due to recombination. Liu et al. (2000) found that this contribution can be fitted in the range 0.5 ≤ T e /10 4 ≤ 1.0 by:
where 
in the range 0. Liu et al. (2000) :
We cannot directly compute the O 3+ from CELs or from ORLs (see Sect. 5 ), but we can estimate it from helium ionic abundances using: (Kingsburgh & Barlow 1994) 
The high spectral resolution of the spectra permits us to measure the continuum emission in zones very near the discontinuity, minimizing the possible contamination of other continuum contributions.The uncertainty in the derived continua is the standard mean deviation of the averaged continuum. Finally, we have computed T e (Bac) from the ratio of the Balmer Jump to H11 flux, using the relation proposed by Liu et al. (2001) : the T e (He i) showed in Table 5 for PB 8, NGC 2867, and PB 6. The computed T e (He i)s are higher than those derived from H i.
We have assumed a 2-zone (for PB 8) and a 3-zone (for NGC 2867 and PB 6) ionization scheme for the calculation of ionic abundances (see Sect. 5 ). The electron temperature obtained from [N ii] lines was adopted as representative for the low ionisation zone. The electron temperature obtained from [O iii] lines has been assumed as representative of the high ionization zone (see Table 5 ).
A third ionization zone was considered in NGC 2867 and PB 6, due to the detection of the high ionization (λ4711+λ4740)/(λ7170+λ7263) T e sensitive line ratio. This ratio is valid in the range 2000 K < T e < 20 000 K. Due to a strong blend between the [Ar iv] λ4740 line and a feature due to charge transfer in the CCD, the T e we have obtained from this ratio for component 1 of NGC 2867 is not reliable. For component 2, we only could determine an upper limit of about 20 000 K. We have used the results of tailored photoionization models by Peña et al. (1998) zones, so we have adopted a T e for the higher ionization zone of 13 850 ± 2000 K and 13 600 ± 2000 for components 1 and 2 of NGC 2867, respectively. For PB 6, the observed [Ar iv] line ratio was outside the validity limits of this diagnostic. Photoionization models of Peña et al. (1998) predicted an ionization structure in which O 3+ zone had a T e 4000 K larger than O 3+ zone; therefore, we have adopted a value of T e (O 3+ ) = 18 000 ± 2000 K for the two components of PB 6.
The effect of the presence of spatial temperature fluctuations will be discussed in Sect. 6.1. Several He i emission lines in the spectra of PB 8, and NGC 2867, and only 4 lines in the spectra of PB 6 were measured. These lines arise mainly from recombination but they can be affected by collisional excitation and self-absorption effects.
We have used the effective recombination coefficients of Storey & Hummer (1995) for H i and those computed by Porter et al. (2005) , with the interpolation formulae provided by Porter et al. (2007) for He i. The collisional contribution was estimated from Sawey & Berrington (1993) and Kingdon & Ferland (1995) , and the optical depth in the triplet lines were derived from the computations by Benjamin et al. (2002 line, (τ 3889 ), self consistently, we have used the adopted density obtained from the CEL ratios for each object (see Table 5 ) and a set of I(He i)/I(H i) line ratios. For PB 8 and the two knots of NGC 2867, we have a total of 13 observational constraints (12 lines + n e ); each of these constraints depends upon the four unknown quantities, each dependence being unique. Finally, we have obtained the best value for the 4 unknowns and t 2 by minimizing χ 2 . The obtained χ 2 parameters are showed in Table 7 ; these parameters indicate a reasonable goodness of the fits, taking into account the degrees of freedom in each case. The case of PB 6 is uncertain because we have not observed the He i λ3889 line, so the MLM cannot converge in order to reach a reasonable value of τ 3889 .
PB 8 is a relatively low ionization PNe, so there are no He ii lines in its spectrum. On the other hand, we have measured several He ii emission lines in both knots of NGC 2867 and PB 6.
We have used the brightest lines to compute the He ++ /H + ratio, by using the recombination coefficients computed by Storey & Hummer (1995) . There is a very good agreement between the results obtained from single lines, so we adopted the He ++ /H + average, weighted by the uncertainties of each individual line.
Final results are presented in Table 7 .
Ionic abundances from CELs
Ionic abundances of several heavy metal ions were determined from CELs, using the iraf package nebular. and Ar 4+ , we adopted the temperature of the very high ionized zone estimated from photoionization models (see Sect. 4). Ionic abundances are listed in Table 8 and correspond to the mean value of the abundances derived from all the individual lines of each ion observed (weighted by their relative strengths).
To derive the abundances for t 2 > 0.00 (see Sect. 6 .1) we used the abundances for t 2 = 0.00 and the formulation of by Peimbert (1967) and Peimbert & Costero (1969) . For different t 2 values than assumed, it is possible to interpolate or extrapolate the values presented in Table 8 .
Ionic abundances from recombination lines
We have measured a large number of permitted lines of heavy
Si ii and Ne ii, many of them detected for the first time in these nebulae. Unfortunately, many permitted lines are affected by fluorescence effects or blended with telluric emission lines making their intensities unreliable. Detailed discussions on the mechanism of formation of the permitted lines until the twice ionized stage can be found in Esteban et al. (1998 Esteban et al. ( , 2004 , and references therein). Discussion about the mechanism of formation of N iii, O iii and C iii lines can be found in Grandi (1976) .
For the first time for these nebulae, we have been able to measure the ionic abundance ratios of several ions from pure recombination lines. We have computed the abundances using T e (O iii) and n e from Table 5 . The atomic data (recombination coefficients) used for each ion are compiled in Table 6 . In Tables 9 to 11 we present the abundances obtained for our objects from C ii, C iii, C iv, O ii, N ii and Ne ii ORLs. Following Esteban et al. (1998) we have taken into account the abundances obtained from the intensity of each individual line and the abundances from the estimated total intensity of each multiplet (labelled as "Sum"); the "Sum" abundances were obtained by multiplying the sum of the intensities of the observed lines by the multiplet correction factor, which takes into account the unseen lines of each multiplet by using their relative line strengths, log(g f ). The log(g f )s have been constructed assuming that they are proportional to the population of their parent levels assuming LTE computation predictions from Wiese et al. (1996) for all the lines except for C iv, for which we have adopted the log(g f )s
given by the computations in the Atomic Line List v2.04 2 . For the adopted values, we have only considered the abundances marked in boldface in Tables 9 to 11 . 2 Webpage at: http://www.pa.uky.edu/~peter/atomic/ Several permitted lines of C ii have been measured in NGC 2867, and only one in PB 8 and PB 6. Lines of multiplets 6 and 17.04 are 3d − 4 f transitions and are, in principle, excited by pure recombination (see Grandi 1976) . In NGC 2867, values obtained from multiplet 6 and 17.04 are in very good agreement, within uncertainties, and shows clearly that the difference in the C ++ abundance betweeen the two components is real (see Table 10 ).
We have detected several lines of multiplets 1, 16 and 18 of C iii in NGC 2867 and PB 6. The ground state of C iii is a singlet (2s 2 1 S), so triplet lines, such multiplet 1 (3s 3 S−3p 3 P) and 16 (4f 3 F−5g 3 G) arise from pure recombination (Grandi 1976 ).
Also, the singlet C iii λ4186.90 line has a 1 G term as its upper level so, it is probably excited by recombination.
Two C iv lines were measured in the spectrum of NGC 2867 and one in the spectrum of PB 6. Grandi (1976) argued that both are produced mainly by recombination. The adopted values for C 4+ /H + are listed in Tables 10 and 11 .
We have measured a large number of O ii lines in PB 8. Esteban et al. (1998 Esteban et al. ( , 2004 demonstrated that the best lines to compute the O ++ from O ii lines are those of multiplets 1, 2, 10, 20 and 3d−4f transitions, because they are all excited by recombination, so we only took into account abundances from these multiplets.
As has been pointed out by Tsamis et al. (2003) and Ruiz et al. (2003) , the upper levels of the transitions of multiplet 1 of O ii are not in LTE for densities n e < 10 000 cm −3 , and the abundances derived from each individual line could differ by factors as large as 4. We have applied the NLTE corrections estimated by Peimbert et al. (2005) to our data and the abundances obtained from the individual lines are in good agreement and also agree with the abundance derived using the sum of all the lines of the multiplet, which is not affected by NLTE effects.
We have detected several lines of multiplets 2 and 5 of O iii in the spectra of NGC 2867 and PB 6. Grandi (1976) showed that multiplet 2 lines are excited by Bowen fluorescence, so they are unreliable to derive the O 3+ /H + ratio. Multiplet 5 of O iii was not discussed by Grandi (1976) , but the only line of this multiplet we detected in NGC 2867 gives an O 3+ /H + ratio very similar to that obtained from multiplet 2, so it is probably excited by a mechanism other than recombination.
Several N ii permitted lines corresponding to multiplets 3, 5, 19, 20, 24 and 28 have been measured in the spectrum of PB 8, but none in the spectra of NGC 2867, nor in PB 6. Grandi (1976) and Escalante & Morisset (2005) discussed the formation (Liu et al. 1995 ).
e Blended with O ii λ4303.61 line.
mechanism of several N ii permitted lines in the Orion nebula, and concluded that recombination cannot account for the observed intensities of most of them, resonance fluorescence by line and starlight excitation being the dominant mechanisms. Also, Liu et al. (2001) multiplet 48 is 4f 3 F, and cannot be populated by permitted resonance transitions, therefore this line should be excited mainly by recombination, so this is the value we adopt. The N ++ abundance obtained by co-adding the intensities of these lines, along with the characteristic wavelength of the whole multiplet, 4239.40 Å, are showed in Table 9 .
We have measured several lines of multiplets 1 and 2 of N iii in all our objects. Lines from both multiplets seem to be excited by the Bowen mechanism and are not reliable for abundance determinations (Grandi 1976) .
We have detected two 3d−4f transitions belonging to multiplet 57 of Ne ii. These transitions are probably excited by recombination because they correspond to quartets and their ground level has a doublet configuration ). For these transitions we have used effective recombination coefficients from recent calculations of Kisielius & Storey (unpublished) , assuming LS-coupling. We have adopted the "sum" value derived from this multiplet: 12 + log(Ne ++ /H + ) = 8.28
−0.17 as representative of the Ne ++ abundance. This is the first time that Ne ++ /H + has been derived from recombination lines for PB 8.
Total abundances
In order to correct for the unseen ionisation stages and then derive the total gaseous abundances of chemical elements in our PNe, we have adopted the set of ionisation correction factors (ICF) proposed by Kingsburgh & Barlow (1994) ; however, some special cases will be discussed. In Table 12 we show the total abundances obtained for PB 8 and NGC 2867 for t 2 = 0.00 and t 2 > 0.00. For PB 6, we have presented only abundances for t 2 = 0.00 because the derived t 2 values are very uncertain (see Sect. 6.1.
Helium
The absence of He ii lines in the spectra of PB 8 indicates that
He
++ /H + is negligible. However, the total helium abundance has to be corrected for the presence of neutral helium. Based on the ICF(He 0 ) given by Peimbert et al. (1992) and with our data, the ICF(He 0 ) amounts to 1.00, indicating that all the helium in this PN is singly ionized.
For NGC 2867 and PB 6, the total helium abundance is the sum of the ionic abundances of He + and He ++ .
Oxygen
We have derived the O/H ratio from both CELs and from ORLs. Table 12 ). For NGC 2867 and PB 6, we applied the ICF scheme by Kingsburgh & Barlow (1994) .
Carbon
For NGC 2867 and PB 6, we have computed ionic abundances of C ++ , C 3+ and C 4+ from ORLs. It is generally assumed that C + /C = N + /N so, to take into account the unseen C + we adopted the following ICF:
In the case of PB 8, we only detected C ii ORLs, so we adopted the ICF proposed by Kingsburgh & Barlow (1994) , which amounts to 1.02.
Other elements
We have adopted the usual ICF scheme for N, in which is assumed that N/O = N + /O + (see e.g. Kingsburgh & Barlow 1994) . For NGC 2867 and PB 6 this expression gives ICFs which are in excellent agreement with those computed from tailored photoionization models by Peña et al. (1998) .
For neon, lines of three ionization stages (Ne ++ , Ne 3+ and Ne 4+ ) were detected in NGC 2867 and PB 6. We have computed the total Ne abundance by adding the ionic abundances, assuming that Ne + /H + is negligible, which is reasonable for high excitation PNe. For PB 8, we only detected Ne ++ lines, so we used the typical ICF proposed by Peimbert & Costero (1969) :
We measured lines of two ionisation stages of chlorine in NGC 2867: Cl ++ and Cl 3+ . To take into account the Cl 4+ fraction, 
we used the ICF proposed by Kwitter & Henry (2001) , which is given by the expression:
In PB 8, only lines of doubly ionized chlorine, Cl ++ were detected. We have applied the formula obtained from photoionization models of Girard et al. (2007) Kwitter & Henry (2001) , obtaining values of the ICF of 6.84 for PB 6−1 and 5.06 for PB 6−2.
Discussion
Temperature variations and the abundance discrepancy factor
Torres- Peimbert et al. (1980) proposed the presence of spatial temperature fluctuations (parametrized by t 2 ) as the cause of the discrepancy between abundance calculations based on CELs and ORLs. This is due to the different dependence on the electron temperature of the CEL and ORL emissivities. Assuming the validity of the temperature fluctuations paradigm, the comparison of the abundances determined from both kind of lines for a given ion should provide an estimation of t 2 . Also, Peimbert (1971) proposed that there is a dichotomy between T e derived from the [O iii] lines and from the hydrogen recombination continuum discontinuities, which is correlated with the discrepancy between CEL and ORL abundances (e.g. Peimbert & Costero 1969; Torres-Peimbert et al. 1980; Liu et al. 2000; Tsamis et al. 2004) , so the comparison between electron temperatures obtained from both methods is an additional indicator of t 2 . A complete formulation of temperature fluctuations has been developed by Peimbert (1967) , Peimbert & Costero (1969) and Peimbert (1971) (see also Peimbert et al. 2002; Ruiz et al. 2003 Table 13 . One fact apparently against the temperature fluctuations paradigm is the different t 2 s we have found in the two components of NGC 2867, which translate into slight differences in the total abundances (see Table 12 ). We have to take into account that we have adopted a t 2 parameter that strongly favors the O ++ zone of this nebula, and does not necessarily represent the whole PN. This is probably due to sampling zones with different ionization degrees in the analyzed knots. Unfortunately, the t 2 values that represent the whole nebula (t 2 (He + ) and (t 2 (BacCELs)) present large uncertainties; however, they are in fairly good agreement.
Comparison with other abundance determinations
Several works on the chemical content of these WRPNe have been found in the literature. In most of them the abundances were computed from the intensities of optical CELs, based on classical chemical analysis techniques (e.g. Kaler et al. 1991; Kingsburgh & Barlow 1994; Peña et al. 1998 Peña et al. , 2001 Girard et al. 2007 ). However, in other works, the abundances were also computed from tailored photoionization models (Henry et al. 1996; Peña et al. 1998 ).
For PB 8, we have computed O/H = 5.8 × 10 −4 from CELs, which is intermediate between the values obtained by Kingsburgh & Barlow (1994) (O/H = 4.9 × 10 −4 ) and Girard et al. (2007) (O/H = 6.6 × 10 −4 ) but in relatively good agreement, taking into account the uncertainties. Comparing the ratio of the other elements with respect to oxygen, the agreement with these authors is excellent, except in the case of S/O, for which we have found a ratio 3 times larger than that found by Girard et al. (2007) . The O/H ratio derived from ORLs is much higher than solar (by almost a factor of 3). This is a somewhat puzzling result, because O-enrichment is not expected in the evolution of the progenitor stars, descendants of low and intermediate mass stars (LIMS). Nevertheless, O-enrichment cannot be absolutely ruled out; observational evidence has shown that PNe can be O-enriched (showing O/H larger than in H ii regions) at least at low metallicities (see Peña et al. 2007; Wang & Liu 2008 , and references therein).
In the case of NGC 2867, our derived O/H ratio from CELs (3.8 × 10 −4 ) is somewhat lower than previous estimates in the literature: O/H = 6.0 × 10 −4 , 4.4 × 10 −4 and 4.3 × 10 −4 by Kingsburgh & Barlow (1994) , Girard et al. (2007) and Peña et al. (1998) , respectively. Peña et al. (1998) pointed out that the high O/H ratio obtained by Kingsburgh & Barlow (1994) There is a broad distribution in the O/H values reported in the literature for PB 6. Henry et al. (1996) obtained a value which is 0.25 dex higher than that obtained in this work. Peña et al. (1998) argued that this could be due to its adopted ICF scheme: (He + +He ++ )/He + , that would lead to an overestimation of the He ++ zone contribution to the abundance of oxygen when the He ++ zone is large, as is the case of PB 6. The high N/O ratio of PB 6 has been confirmed by our data; our value of N/O = 1.41 is in excellent agreement with previous determinations by Peña et al. (1998) (1.40) and Girard et al. (2007) (1.41). This high N/O ratio, in addition with the high He/H is a confirmation that original He and N have been enriched by nuclear reactions in the parental star of PB 6; therefore, it is a type I PN. For the rest of elements, the agreement is poorer, but still consistent within the uncertainties.
The value of the abundances for these PNe are consistent with these objects being disk PNe.
The C/O ratio derived from ORLs and CELs
It is well known that there is a problem with the carbon abundance in PNe due to the large discrepancy found between abundances derived from the C ii λ4267 ORL and the C iii] λ1907+09 CEL (Rola & Stasińska 1994; Peimbert et al. 1995) . For this reason, the C/O derived for our objects deserves a separate mention. To our knowledge, this is the first time that the C/O ratio is computed from pure recombination lines for PB 8 and NGC 2867. In particular, we have obtained C/O = 0.49 ± 0.05 for PB 8, and C/O = 2.90 ± 0.35 for NGC 2867.
The high C/O found for NGC 2867 is indicative of C-enrichment, which was also found by Peña et al. (1998) . These authors computed the C/O ratio for NGC 2867, using different combinations of UV carbon CELs, carbon ORLs, and optical and UV oxygen CELs, and pointed out that it was not possible to simultaneously reconcile the observed C/O ratios and the results obtained from tailored photoionization models. In particular, for NGC 2867, they found that the observed C iii] λ1909/O iii] λ1663 ratio gave a C/O ratio of 3.3 ± 1.6, and the observed
ratio, a value of 3.1 ± 1.3; both values being 3 to 7 times higher than those predicted by models. These results seem to discard uncertainties involved in the linking of UV and optical spectra, but still induce electron temperatures significantly lower than that deduced from photoionization models (Peña et al. 1998 In PB6 and NGC2867, the central star abundances correspond very well with the values calculated for other [WC] stars (Koesterke 2001) and they are in agreement with predictions from Very Late Thermal Pulse (VLTP) scenarios for these stars (Herwig 2001) . On the other hand the chemical composition of PB8 is very unusual showing an extremely low C abundance for a [WC] star. These results will be discussed in detail elsewhere (Todt et al. in preparation) .
From the above results we find that the C/O ratios, by number, in the stellar wind are 3.9, 4.0 and 1.3 for NGC 2867, PB6 and PB8 respectively. The two first values are quite large and similar to the large nebular values derived either from ORLs or from CELs for these nebulae (see Table 12 ). This indicates that the C produced by nucleosynthesis was already contaminating the AGB stellar atmosphere previous to the main body nebular ejection. There was no further C-enrichement in the star, relative to O, after the nebular material ejection, or both elements were enriched in parallel.
On the other hand, PB 8 shows a solar C/O (the same C/O as the Orion nebula, Esteban et al. 2004 ), thus it is evident that the nebula was ejected previous to the enrichment of the present atmospheric abundances. After the ejection, the star has continued producing C, but the present abundances have not reached the usual [WC] values. Evidently the evolution of this central star has followed a different path to other [WC]s.
Except for the works of Rola & Stasińska (1994) and Peimbert et al. (1995) , there is a lack of systematic studies dedicated to exploring the behavior of the C/O ratio derived from ORLs and CELs in PNe. In particular, there are only a few works devoted to studing the role of ADFs and C/O ratios in WRPNe (Peña et al. 1998; Ercolano et al. 2004 ) and these roles are still unclear. Ercolano et al. (2004) analyzed the WRPN NGC1501, finding a very large ADF(O ++ ) (32) Ercolano et al. (2004) suggest that a correlation between H-deficient stars and large ADFs in their nebulae would be expected.
In order to investigate this point, we have compiled some PN data from the literature Tsamis et al. 2004; Wesson et al. 2005) , discarding the PNe which do not belong to our Galaxy, and also NGC 40, which is strongly affected by aperture effects. These works are the largest compilations of PNe with C and O abundances derived from both ORLs and CELs. In Fig. 4 A puzzling observational result is that altough theoretically one would expect VLTP scenario to produce C-rich material, studies in the suposed VLTP-produced knots in Abell 30 and Abell 58 by Wesson et al. (2003 Wesson et al. ( , 2008 showed C/O ratios less than 1. It could be that unexpected O-rich material might have been produced in the VLTP or that a different scenario to VLTP occured in Abell 30 and Abell 58 (Wesson et al. 2008) . Similarly, we found C/O < 1 for PB 8, but this object also shows (C/O) ORL /(C/O) CEL < 1. This result has been found for NGC 2867 which, added to our kinematic results (see Sect. 6.4 .2) in these PNe, seems to discard the C-rich knots ejected in a late thermal pulse event as the origin of the observed ADF in nebulae with H-deficient central stars.
A matter of concern is that in most of the objects, optical and UV observations do not cover identical volumes in the nebulae. Taking into account that C and O have been computed using a set of ionization correction factors, we have wondered if ionization structure effects would be affecting the derived C/O, but we found that C/O ORL /(C/O) CEL are independent of the ionization degree. Another worry is that C/H derived from UV lines is highly uncertain due to extinction correction uncertainties. An underestimate of c(Hβ) would lead to a strong underestimate in the C abundance. A detailed treatment of error propagation would be of interest to evaluate the role of these uncertainties in the derived C/O ratio.
One last point we have to consider is the possible presence of spatial temperature fluctations. Peimbert et al. (1995) analyzed the C and O abundances from the sample of PNe of Rola & Stasińska (1994) and argued that the differences between the measured T e (O ++ ) and T e (C ++ ) in a medium where O ++ and C ++ coexist could be due to the presence of spatial temperature fluctuations, and that in the presence of temperature inhomogeneities, the usual method of using T e (5007/4363) would severely underestimate the O ++ and C ++ abundances as well as underestimate the C ++ /O ++ ratio. Actually, any overestimation of the electron temperature would underestimate the C ++ abundance derived from the C iii] λλ1907+09 line, whose emissivity is extremely sensitive to electron temperature. It is clear for us that a detailed and homogeneous study of the behavior of the C/O ratio derived both from ORLs and CELs, combined with an study of the central stars, in a large sample of WRPNe would shed some light on this issue.
Kinematic analysis
Expansion velocities
Expansion velocities (v exp ) of the three nebulae have been measured as half the distance between maxima of double-peak profiles in the central region of [O iii] λ5007 line (all the nebulae show double peak profiles). The values obtained are 38 ± 4, 27 ± 4 and 14 ± 2 km s −1 for PB 6, NGC 2867 and PB 8, respectively. These velocities show the same tendency as found for a large sample of WRPNe (Medina et al. 2006) . That is, PB 6 and NGC 2867, which are ionized by early [WC] stars, show v exp much larger than the average found for PNe with no WR stars of similar stellar temperatures, while PB 8 shows a much lower v exp , similar to the values of normal PNe with similar stellar temperature. The larger v exp in WRPNe is a consequence of the mechanical energy of the wind, blowing on the nebular shell. Peimbert et al. (2004) showed that the measurement of heliocentric velocities of [O iii] and O ii lines could provide evidence of the existence of H-poor clumps of high density and low temperature ejected at higher velocities and in a later stage than the main body of the nebula, as it has been proposed is happening in some PNe (see e.g. Guerrero & Manchado 1996; Wesson et al. 2003) . On the other hand, Tsamis et al. (2004) argued that the Hdeficient knot model invoked to explain the ADFs in typical PNe, does not necessarily make specific predictions about kinematic patterns of the knots and the bulk of the nebula. Nevertheless, WRPNe are of particular interest because their central stars are hydrogen-deficient and, in principle, one could expect that late ejecta of material would be the origin of the proposed H-poor 
Heliocentric velocities of [O iii] and O ii lines
Summary
We present deep echelle spectroscopy in the 3250−9400 Å range of bright zones of [WC] PNe PB 8, NGC 2867 and PB 6. We have measured the intensity of an unprecedented number of lines per object. This is the most complete set of emission lines ever obtained for these three objects.
We have derived the physical conditions for each PN making use of several diagnostic line and continuum ratios. The chemical abundances have been derived using the intensity of collisionally excited lines (CELs) for a large number of ions of different elements. In addition, we have determined, for the first time in PB 8 and NGC 2867, the O ++ abundances from optical recombination lines (ORLs). Additionally, for NGC 2867 and PB 6, we derived the ORL abundances of C ++ , C 3+ and C 4+ . Assuming that the ADF and temperature fluctuations are related phenomena, we estimated the temperature fluctuations parameter, t 2 by comparing the O ++ (and in PB 8 also Ne ++ ) ionic abundances derived from ORLs to those derived from CELs. We have also obtained this parameter by applying a chi-squared method which minimizes the dispersion of He + /H + ratios from individual lines and by comparing the electron temperatures derived from CELs to those derived from Balmer continua. All methods provided t 2 values consistent within the uncertainties. The adopted average value of t 2 has been used to correct the ionic abundances derived from CELs.
For PB 8 and NGC 2867, we have computed two sets of total abundances; the first one under the assumptions of homogeneous temperature and that CELs adequately represent the ionic abundances; and the second one assuming the presence of spatial temperature variations. For both sets we used a standard ICF scheme.
The inspection of C/O ratios in our WRPNe reveals that NGC 2867 has a high C/O ratio, derived from both ORLs and CELs. Also, PB 6 has a large C/O derived from CEL intensities in the literature. On the contrary, PB 8 has a C/O ratio less than 1, revealing different chemical enrichment paths for the three objects. We also obtain that (C/O) ORL /(C/O) CEL < 1 in PB 8 and NGC 2867, and that heliocentric velocities of the O ii and [O iii] lines of our three PNe are very similar, arguing against the "C-rich knots ejected in a late thermal pulse" scenario as the origin of the observed ADFs. An alternative explanation could be the presence of spatial temperature fluctations that would cause the C ++ abundance from collisionally excited UV emission lines to be underestimated. A systematic study of C/O ratio, from both ORLs and CELs in WRPNe should be developed in order to clarify if H-deficient stars have any role in the ADF problem.
The expansion velocities of PB 8, NGC 2867 and PB 6 are consistent with the general behavior for WRPNe, which in general have v exp larger than the average found for PNe with similar stellar temperatures, due to the presence of strong stellar winds. Table 3 . Reddening corrected line ratios (F(Hβ) = 100) and line identifications.
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